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PULSED INPUT SHUTOFF VALVE 

TECHNICAL FIELD 

The invention involves methods and devices for shutting off flow in a fluid line when a leak 
has been detected. 

BACKGROUND 

Fluid lines bearing pressurized fluid ("pressure fluid lines") often do not have any type of 
automatic leak detection system, and only manually actuated shutoff valves are available on the 
lines should a leak be detected for any reason. For example, in a typical residence, there may be as 
many as sixteen such lines serving fixtures and appliances such as toilets, sinks, clothes washers, 
etc. If a line or fitting leaks for any reason, typically the only knowledge of the leak comes from 
direct human observation of the water or damage caused by the water, as opposed to any form of 
automatic sensor. 

Automatic leak detection systems and electrically controlled shutoff valve systems do exist, 
but they are typically too expensive for residential housing and similar situations. In many cases, 
they require that the detection system be electrically powered at all times. This is undesirable, 
because power outages do occur, and can in fact be the cause of the leakage. For example, a power 
outage in the late fall or early spring can cause an unoccupied summer residence to cool down so 
much that a water pipe, yet to be drained for the winter, bursts due to freezing water. Such systems 
also typically employ a spring-driven normally open valve so that the fixture or alppliance 
downstream of the valve will still operate if the power or other portions of the system fail, but there 
is obviously no leak present and the fixture must be operated normally anyway. A normally closed 
valve system would fail closed and shutoff fluid to the appliance even though no leak had been 
detected. 
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Another problem faced by such systems is sediment buildup in the valve. Even the most 
clean of domestic water systems has some sediment level, and especially in rural areas sediment is 
present in well water. It may be many years before a leak occurs, but the valve must work properly 
the first time it is activated by the leak detection system. 

SUMMARY OF THE INVENTION 

The invention involves methods and devices for automatically shutting off flow in a fluid 
line when leakage is detected. The specific device is a valve assembly comprising the combination 
of a springless shutoff valve, a normally closed solenoid valve activated by an electric or electronic 
pulse signal, and a fluid reset switch. Because the shutoff valve does not have a spring, it is not 
"normally open" or "normally closed" in the usual sense, but instead is driven between open and 
closed positions depending on the pressures in its inlet (upstream) and outlet (downstream) ends, 
which are connected to the shutoff valve actuator through the solenoid valve and the integral fluid 
reset switch, respectively. 

The combination of these components is arranged so that the valve is "normally open" to 
normal fluid flow through the valve, thus allowing fluid to flow from inlet to outlet. From this 
position, the valve closes when the pulse signal activates the solenoid valve {i.e., a leak was 
detected and the pulse issued to the solenoid valve). It will subsequently remain closed even if 
power to the system that generated the pulse signal is lost. The integral fluid reset switch {e.g., a 
manually activated switch) can shut the valve under normal condition, even if no signal to do so has 
been received from the leak detection system. Once the shutoff valve is closed, the fluid reset 
switch must again be used to open the shutoff valve and allow flow to begin again. 

In general terms, the invention can be described as a combination for application onto a 
pressurized fluid line having upstream and downstream ends, comprising: (a) a shutoff valve having 
an inlet for connection to the upstream end of the pressurized fluid line, an outlet for connection to 
the downstream end of the pressurized fluid line, and a springless actuator for driving a plug 
between open and closed positions of a main flow path connecting the upstream and downstream 
ends through the shutoff valve, and an upper chamber adjacent the springless actuator; (b) a 
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normally closed two-position solenoid valve controlling flow between the upper chamber and an 
inlet bypass channel connected to the inlet of the shutoff valve; and (c) a fluid reset switch 
controlling flow between the upper chamber and a outlet bypass channel connected to the outlet of 
the shutoff valve. A region of reduced pressure is located downstream of the springless actuator but 
upstream of the downstream end of the pressurized fluid line. The region of reduced pressure is 
connected to the outlet bypass channel side of the fluid reset switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings show a particular embodiment of the invention as an example, 
and are not intended to limit the scope of the invention. 

Figures 1 and 2 are schematic side cross-sectional views of one embodiment of the 
invention. 

DETAILED DESCRIPTION 

Throughout this application, the terms "fluid line" and similar terms include not only such 
fluid lines themselves, but also associated fittings and the like that would be understood by the 
person of ordinary skill in the art of piping to be desirable, necessary, or included for any purpose, 
even if not specifically stated below. 

In many situations, pressure fluid lines are subjected to wide variations in ambient 
conditions that can cause undetected leakage. This is especially the case when the fluid lines are in 
buildings that are unoccupied and/or unheated in winter months. For example, even relatively small 
water lines that have not been drained may leak substantial amounts of water if cold temperatures 
cause the line to burst or crack, and the water flow is not shutoff because the leakage is not quickly 
detected. If the water lines are in a building such as a summer cabin that is not occupied for months 
at a time, the damage can be significant even if the rate of leakage is low, because the damage may 
go undetected for a long time. This is only an example, however, as the scope of the invention is 



3 



not limited to this particular cause of leakage, or this type of installation or building use, or even to 
water as the fluid. 

Figures 1 and 2 are schematic side cross sectional views of one embodiment of the 
invention, shown open in Figure 1 and closed in Figure 2. Valve assembly 1 comprises the 
combination of shutoff valve 2, normally closed two-position solenoid valve 3 and a two-position 
reset valve 4. Valve assembly 1 has an inlet 5 and outlet 6 connected to respective sides of shutoff 
valve 2. The piston 7 of shutoff valve 2 has two O-rings. Upper O-ring 8 prevents fluid from 
leaking from the main flow path 10 into the lower actuator chamber 23. Lower O-ring 9 shuts off 
flow by closing the main flow path 10 when valve 2 has been actuated, as shown in Figure 2. The 
shaft of the piston thus acts as a plug, creating either the open or closed positions of the shutoff 
valve 1 depending on its raised or lowered positions, respectively. Whether the piston 7 is in the 
upward, or open, position as shown in Figure 1 or the lower, or closed, as shown in Figure 2, a third 
isolation O-ring 12 seals the upper actuator chamber 11 and lower actuator chamber 23 from each 
other. The lower actuator chamber 23 is vented to the atmosphere. 

An inlet bypass 13 is connected between the inlet port 14 of solenoid valve 3 and the inlet 5. 
The outlet port 15 of solenoid valve 3 is connected to the upper portion of actuator chamber 11 by 
passage 16. Similarly, outlet 6 has an outlet bypass 17 that is connected to the upper half of actuator 
chamber 11 by passage 18, with reset valve 4 either blocking or allowing flow between bypass 17 
and passage 18. 

Shutoff valve 2 is designed with upper and lower valve seats 19 and 20 respectively, so that 
O-rings 8 and 9 can ensure a tight seal in either the upper (Figure 1) or lower (Figure 2) position of 
piston 7. Notably, shutoff valve 2 does not have a spring to drive piston 7 to "normally open" or 
"normally closed" positions in the usual sense. Instead, the pressure of the fluid passing through the 
bypass lines, solenoid valve, and reset valve, and the resultant pressure on the valve actuator 
relative to the pressure in the main flow through the shutoff valve, will determine the position of the 
shutoff valve. 
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The positions of the two valve seats are selected to keep the assembly clean of contaminant 
buildup in two ways. First, the upper valve seat 19 is recessed out of the primary fluid stream (inlet 
5, main flow path 10, and outlet 6), thus avoiding contaminants in the first place. By contrast, the 
lower valve seat 20 is well within the primary fluid stream so that the velocity of the fluid flow 
across it sweeps the contaminants downstream, thus preventing buildup. Also, the lower O-ring 9 
protects the smoothness of the bore in which piston 7 moves, so that the upper O-ring 8 may freely 
slide downward when the shutoff valve 2 is actuated. Even if there is any contaminant buildup 
tending to prevent movement of piston 7, the design of the shutoff valve 2 provides a force on top 
of piston 7 that is intended to be great enough to overcome any buildup that may be present. The 
amount of force required {i.e., power factor of the shutoff valve 2 that will be sufficient) will vary 
with design conditions, including the amount of sediment expected in the fluid. Thus, the valve 
assembly 1 is designed to ensure that piston 7 may fully extend so that O-ring 9 properly seals 
against lower valve seat 20 to shut off the flow of fluid through the main flow path 10, even if there 
has been contaminant buildup over time. 

Solenoid valve 3 may be any conventional two-way, normally closed electric or 
electronically actuated solenoid valve. The internal construction of solenoid valve 3 is not critical to 
the scope of the invention, and therefore it is not shown in detail in Figures 1 and 2. As illustrated, 
it is attached outside, but directly to, the body of valve assembly 1 but this is a matter of 
convenience for manufacturing and assembly. Solenoid valve 3 is activated from its normally 
closed to its open position when it receives an electrical or electronic signal on a pair of electrical 
conductors 21, according to conventional principles. Loss of the electronic or electric signal will 
cause solenoid valve to close if it is open. As with the shutoff valve 2, when the shutoff valve 2 is 
open {i.e., the normal or "standby" condition in which fluid flows downstream), the fluid does not 
flow through the solenoid valve. 3, and thus solenoid valve 3 is protected from a long-term buildup 
of contaminants. 

Reset valve 4 may be any conventional two-position flow switch. As illustrated, it is a two- 
position inline switch manually activated by push button 22. However, it could be an electrically 
controlled valve, such as another solenoid valve, and thus optionally could also be remotely 
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controlled such as by another electrical signal. As illustrated, it is incorporated directly inline with 
the flow through outlet bypass 17 and passage 18, but this is only a preference. In general, the 
switch does not need to be inline but must shut off flow between outlet 6 and actuator 11. 

The shutoff valve further comprises a region of reduced pressure downstream of the 
actuator but prior to the outlet. This region of reduced pressure is connected to outlet bypass 17 to 
provide the bypass (through reset valve 4) to the springless actuator 11. If shutoff valve 2 has been 
closed, then when reset valve 4 is subsequently actuated, the lower pressure (relative vacuum) pulls 
fluid from above the piston 7 at the same time that main fluid pressure on the lower portion of the 
piston stem begins to open valve 2. This provides enough force to eliminate the need for a spring on 
the bottom of the piston, and it also increases the speed with which the valve will reset. 

A fixture downstream of valve system 1 may be modeled as a two position flow switch, 
e.g., a faucet, toilet, washing machine, dishwasher, etc. When the position of the fixture 
downstream of valve system 1 is taken into account, the possible operating modes for the valve 
system 1 are shown in Table 1, below. 



TABLE 1 
OPERATING MODES 



Shutoff 
Valve Condition 


Downstream 
Fixture Condition 


Action Applied 


Shutoff 
Valve Action 


Open 


Open 


Solenoid Valve 
Actuated 


Closes 


Open 


Closed 


Solenoid Valve 
Actuated 


Closes 


Open 


Open 


Reset Button Pushed 


None 


Open 


Closed 


Reset Button Pushed 


Closes 


Closed 


Open 


Solenoid Valve 
Actuated 


None 


Closed 


Closed 


Solenoid Valve 
Actuated 


None 


Closed 


Open 


Reset Button Pushed 


Opens 


Closed 


Closed 


Reset Button Pushed 


None 
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Thus, in summary, the solenoid valve always closes the valve; the reset button will open the 
shutoff valve if the downstream fixture is open, and close the shutoff valve if the downstream 
fixture is closed. Electrical current does not need to be on in a sustained mode to maintain the valve 
in operating position (either open or closed). Also, the valve system operates when "dry" as 
opposed to "wet" as in a typical diaphragm valve arrangement. Finally, the valve system provides 
two different modes of operation, depending on the condition of the setting valve, with only three 
basic components, thus eliminating the need for additional valves. 

The scope of the invention is not limited to the particular embodiment illustrated in Figures 
1 and 2, but that is the preferred embodiment for use on domestic water lines. It is preferred to have 
unitary or "single body" construction that may be assembled from subcomponents if desired, 
according to known principles. The inlet and outlet are threaded or otherwise fitted to be 
compatible with common domestic water plumbing. 

Relevant parameters for this embodiment include: a fluid line size of between l A inch and 1 
inch diameter; a flow rate up to 40 gallons per minute; and a pressure drop of approximately 5 
pound/square inch (psi) at 70 gallons per minute. The preferred solenoid valve is a Pneumadyne 
brand two-way normally closed cartridge valve; one example used in prototypes of the invention 
was the Pneumadyne G328/2E 2/2 (0-10 bar) normally closed valve, but this is only an example 
and not a limitation on the scope of the invention. 

In the context of this invention, "springless" means more than just literally "without a 
spring." In general, there is no element of the invention that is biased for or against motion of the 
piston in any direction that would tend to place the valve in a "normal" position (such as the 
commonly understood "normally open" and "normally closed" positions) in normal use. The 
pressures exerted by the fluid on the piston, and otherwise as described above, determine the 
position of the piston. Ambient forces external to the valve, such as gravity, are not considered as 
"elements of the valve" for purposes of defining this invention. That is not to say that valve designs 
that rely upon gravity to bias an element into a normally open or normally closed position do not 
exist, but rather that such valves are not "springless" for purposes of this invention because they 
could not perform their normal functions absent the externally applied force. Valves that rely upon 
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resilience, flexibility, elasticity, or any similar property of materials to provide a biasing force are 
also not considered "springless," even if no spring per se is used in such valves. 

The term "O-ring" refers not only to a O-shaped seal but also encompasses any waterproof 
seal accomplishing the same functions as those conventionally performed by an O-ring, and as 
described above. 
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